Here we describe the isolation of the zebra®sh fgfr3 gene, its structure and chromosomal location. Expression in wild type embryos occurs in the axial mesoderm, the diencephalon, the anterior hindbrain and the anterior spinal cord. In the hindbrain, a differential expression of fgfr3 was detected at several levels of intensity, with the highest expression in the posterior rhombomere 1 that is morphologically distinct from the anterior part, which develops into the cerebellum. Further, analysis of fgfr3 expression in mutants de®cient in the formation of the midbrain± hindbrain boundary (MHB), noi 2/2 and ace 2/2 , demonstrated that in the absence of Pax2.1 and FGF8 activity, the expression domains of FGFR3 expand into the MHB, tegmentum, cerebellum and optic tectum, which are the affected structures in these mutants. q
Results
Segmentation of the hindbrain has been intensely studied (Lumsden and Krumlauf, 1996) . Nevertheless, molecular events taking place in the anterior midbrain and, in particular, rhombomere 1 (r1) are not well understood. Fibroblast growth factors (FGFs) play an important role in this area, and to understand the molecular mechanism involved, further clari®cation of the expression of FGF receptors is needed (Walshe and Mason, 2000) .
Here we present the cloning, genetic mapping and expression pattern of the zebra®sh fgfr3 gene in a wild type embryonic zebra®sh and two mutants affecting the midbrain±hindbrain boundary (MHB).
The full-length cDNA of fgfr3 has been isolated ( Fig.  1A ; Table 1 ). Detailed information about the primers used during RACE-PCR cloning is available from one of the authors (R. Ge) We mapped fgfr3 using radiation hybrid panels (Fig. 1B) . Further, we compared the chromosomal surroundings of fgfr3 on linkage group (LG) 13 with those of fgfr4, which was mapped to LG21 (Hukriede et al., 1999; Geisler et al., 1999) . The positions of these genes were linked to msx-c and msx-d, similar to mammals (OMIM; http://www.ncbi.nlm.nih.gov/Omim.html). The ZNF-141 gene, mapped between FGFR3 and MSX1 on human chromosome 4, has been linked to the Wolf± Hirschhorn (4p2) syndrome (Tommerup et al., 1993) . Among zebra®sh, ESTs mapped between the positions of fgfr and msx on LG13 and 21 (http://www.genetics.wustl.edu/) ZNF-141-related genes were found, suggesting a synteny of corresponding regions of zebra®sh and mammalian chromosomes (Fig. 1C) .
fgfr3 mRNA was detected by whole-mount in situ hybridization at the midline of the embryo at 6 and 10 hpf, in the axial mesoderm, at the level of the midbrain and hindbrain, and in the neural plate at the prospective diencephalon and anterior spinal cord ( Fig. 2A,B) . At 11 hpf, expression appeared at the level of the anterior hindbrain (Fig. 2C) . Between 20 and 24 hpf, fgfr3 transcripts were detected in the hindbrain (Fig. 2D,E) . Here, several levels of expression intensity were recorded (Fig. 2F ). There is a gap between the domains of expression of pax2.1 at the MHB and fgfr3 in the anterior hindbrain corresponding to the cerebellum (Fig. 2G) . krox20 is expressed in r3 and 5 (Oxtoby and Jowett, 1993) . A gap between the expression domains of Krox20 in the r3 and fgfr3 in the r1 corresponded to the r2. This con®rmed that an intense fgfr3 expression in the anterior hindbrain took place in the r1 (Fig. 2H) .
The anterior boundary of the expression of Hoxa2 coincided with the anterior boundary of r2. It was adjacent to the posterior boundary of the fgfr3 domain (Fig. 2I) , supporting an idea that fgfr3 is expressed in the posterior r1. The expression of the fgfr4 rostrad of fgfr3 expression in the r1 maps the cerebellum (Fig. 2J ). Since the cerebellum develops from the anterior portion of r1, we concluded that the domain of intense expression of fgfr3 in the hindbrain is in the posterior part of r1. Analysis of the expression patterns of fgfr3 and fgfr4 on cross-sections demonstrated that the transcripts of these two genes were distributed in a complementary manner in other regions of the neural tube also (Fig.  3) .
The MHB is abnormal in several zebra®sh mutants, including no isthmus (noi 2/2 ), which is defective in pax2.1 (Krauss et al., 1991; Lun and Brand, 1998) , and acerebellar (ace 2/2 ), which is defective in fgf8 (Fu Èrthauer et al., 1997; Reifers et al., 1998) . ace 2/2 embryos lacked both the MHB and cerebellum (compare Fig. 4A ,B with Fig. 4E ,F). The shape of the neural tube at the MHB was largely preserved, although the isthmus was slightly expanded in ace 2/2 (Fig. 4E) . Here, fgfr3 transcripts appeared in the posterior tegmentum, cerebellum and MHB (Fig. 4E ,H) in correlation with abnormal development of these regions.
In noi 2/2 embryos, in addition to the MHB and cerebellum affected in ace 2/2 , the optic tectum was affected too (Brand et al., 1996) . As a result, transcripts of fgfr3 appeared in the optic tectum in correlation with its developmental failure in this mutant (compare Fig. 4A ,B with Fig.  4G ,H). The regions of fgfr3 expression in the diencephalon and hindbrain were fused. This fused domain was longer than combined domains of fgfr3 expression in the diencephalon and r1 in controls.
Thus, the failure in the development of structures in ace 2/2 and noi 2/2 mutants always correlated with an ectopic expression of fgfr3 (Fig. 5) . Currently, efforts in the laboratory are aimed at exploring whether negative regulation of fgfr3 by FGF8 and Pax2.1 takes place during normal development. (Chellaiah et al., 1994) , suggesting that this cDNA represents FGFR3-IIIc isoform of zebra®sh receptor. (B) The fgfr3 was mapped using the LN54 (Hukriede et al., 1999) and the T51 radiation hybrid panel (Research Genetics, USA; Kwok et al., 1998; Geisler et al., 1999) . fgfr3 maps to LG13. Position of the fgfr3 gene on LG13 as determined by radiation hybrid mapping. Detailed information about the primers used is available from the authors upon request. (C) Conservation of synteny between chromosomes containing fgfr genes. The loci on individual chromosomes are arranged in columns with apparent orthologues in mice and humans. These regions of LG13 and LG21 may be related because they contain three consecutive duplicates, at least in respect to human chromosome 4 and between themselves. While the presence of a zinc-®nger containing genes remains to be demonstrated in this position in both murine chromosomes and human chromosome 5, the position of FGFR in all cases has been linked to that of one of the Msx/msh genes. 2/2 (mutant of FGF8) and noi 2/2 (mutant of Pax2.1), demonstrated that the expression of fgfr3, which in wild type embryos was restricted to separate domains in the diencephalon and midbrain anteriorly and the ventral hindbrain posteriorly (A,B), expanded in ace 2/2 into the MHB and posterior tegmentum, while into these structures and the optic tectum in noi 2/2 . As a result, the combined territory of high intensity fgfr3 expression domains in noi 2/2 is larger than in controls (as de®ned by solid lines in (A) and ( In the absence of fgf8 at the MHB of ace 2/2 , former territories of the tegmentum, MHB and cerebellum become invaded by the expression of fgfr3. (Green) fgf8; (blue), fgfr3; (red), fgfr4; (yellow), hoxa2. Numbers indicate the positions of rhombomeres. In (C), the number of rhombomeres was retained in the old position, solely to illustrate the shift of the fgfr3 domain towards the anterior. They should not be used as markers of the new fates of rhombomeres, which were not analyzed. The GenBank accession numbers of the sequences are zebra®sh (AF157560), Xenopus laevis (AB007035), Pleurodeles waltl (X75603), chick (AAA48664), mouse (Q61851), and human (NP_000133).
